Objective: To assess the impact of a home telemonitoring technology on patients with chronic obstructive pulmonary disease in terms of care satisfaction, patient empowerment, improved quality of life, and utilization of hospital and home care. Design: A quasiexperimental retrospective and prospective design was developed with a matched control group to compare the effects of telemonitoring (the experimental group, n ¼ 23) with the traditional homecare offering (the control group, n ¼ 23). Measurements: Satisfaction, patient empowerment, and quality of life were measured using validated Likert scales, whereas the data on care utilization were collected from the participating patients' medical record. Results: Mixed results were observed. The clinical effects of home telemonitoring were very positive in terms of patients' satisfaction and empowerment. The perceptions of care providers as well as those of patients were congruent in this respect. Also, the study suggests that telemonitoring may have a positive effect on quality of life for patients with chronic obstructive pulmonary diseases. In contrast, the results were disappointing in terms of resource savings for the use of both homecare and hospital care. Conclusion: Capturing the full potential of these new technologies will require a much more fundamental reorganization of work than just a simple deployment of the technology.
Introduction
T he increasing prevalence of chronic diseases is placing a growing burden on the health systems of industrialized countries. In 2000, the prevalence of chronic obstructive pulmonary diseases (COPDs) among adults around the world ranged from 0.5% in certain parts of Africa to 3% to 4% in North America. 1 In the European Union, the total direct cost of respiratory diseases is estimated at 6% of total healthcare budgets, with COPDs accounting for 56% of this cost. 2 The total direct cost of COPDs in the United States in 2002 has been estimated at $18 billion (U.S. dollars). 2 In Canada, the COPD hospitalization costs are estimated at $1.5 billion (Canadian dollars) per year. 3 To meet this challenge, many observers recommend innovative clinical approaches to encourage systematic monitoring of a patient's state of health and greater patient involvement in the management of their illness. [4] [5] [6] In this sense, information technologies are an attractive alternative in terms of their capacity to provide remote patient monitoring and be used for communications between patients and their care providers. 7, 8 To better understand the potential of these technologies, this article presents the results of a study that analyzed the impact of a home telemonitoring intervention with COPD patients. The study sought to assess a wide range of effects-satisfaction, patient empowerment, improved quality of life, and utilization of hospital and home carefrom the points of view of both patients and the professionals providing homecare.
Background
Home telemonitoring may be defined as the use of information and communication technologies in exchanges of information between the patients' homes and health professionals. Typically, a communication system is installed in the patients' home so that they can use it regularly, entering information on their condition. This information is transferred in real time to a central data management system, the purpose of which is to systematically monitor a patient's state of health based on personalized care protocols. Through preprogrammed intelligent functions, the system is able to sound an alarm if the patient's condition stays beyond certain predefined parameters as well as provide decision support directly to the patient or the care team. This allows the clinical team to remotely monitor patient data and quickly respond as required. Telemonitoring can also encourage the patients to become involved in the management of their own condition, while it also allows for systematic monitoring through an efficient investment of professional resources, who usually intervene from a remote location. Empowering a patient to more effectively monitor their own condition-when combined with regular, systematic remote monitoring-may prevent an excessive decline in the patient's clinical condition and decrease both decompensation and acute-phase hospital care.
The studies on the effects of home telemonitoring for COPD patients have mostly examined the potential savings in terms of hospital resources. 9, 10 A reduction in hospitalizations is the most frequently reported effect, [11] [12] [13] [14] [15] [16] and the net savings can be quite significant. Two studies have assessed these savings at between 12% and 17%. 14, 15 However, a more recent economic analysis, designed as a randomized controlled clinical trial, found no significant savings. 17 Besides, studies that have examined utilization of emergency services found no effects. 12, 13 The only study that analyzed the use of the resources in the patient's home gave mixed results: it found that the savings in terms of care providers (fewer home visits) were eliminated by increased salary expenses for the nursing staff in charge of the remote monitoring. 15 Thus, no consistent evidence exists in relation to the extent to which home telemonitoring reduces the utilization of health services. Few studies on COPDs also analyzed the clinical impacts of home telemonitoring. Two results were constant and positive: patient satisfaction was high, 11, 14, 15, 17 and telemonitoring reduced the number of decompensations. 11, 14, 16 The analyses of quality-of-life effects produced mixed results: in one study they were positive, 17 but in the other they were negative. 16 No study analyzed the effects of telemonitoring on patient empowerment.
Methods

TECHNOLOGY USED
A telemonitoring technology was acquired in 2007 by a regional homecare program that serves 48 urban and rural municipalities (220,650 inhabitants) in Quebec, Canada. The targeted clients were patients with COPD. Enough devices were acquired to serve 15 to 20 patients at a time. The present study was conducted with the second wave of patients so that the clinical teams would have had sufficient time to become familiar with the new system.
The device installed in the patient's home was a Web phone equipped with a touch-screen monitor. The patients used their Web phones every day to enter data as requested by a software program developed to monitor COPD. The data were sent over the Internet in real time, so that the patients' condition and their compliance with treatment could be monitored remotely. The system also automatically interacted with the patient based on predetermined parameters to alert the patient and provide advice tailored to changes in their condition. Through their interactions with the system, the patients were better able to understand the relations between their habits and their health conditions leading to a useful empowerment. The system also sent warning messages to a surveillance center that operated 24 h a day, 7 days a week. The nursing staff and the center would then contact the patient by telephone. Finally, the telemonitoring intervention was temporary; it was to serve the purpose of patient education. The goal was to train the patient to become involved in the management of their own clinical condition through a better understanding of relationships between their health and their life habits. The telemonitoring service was ended when the patient had acquired the necessary knowledge and adopted the desired behaviors.
The system was the Remote Patient Monitoring solution marketed by Telus, one of Canada's largest telecommunications companies. At the time of the new system's acquisition, the regional home care program thought that it would meet a growing need for home care and help address the problem of staff shortages by reducing the number of home visits for each patient.
STUDY DESIGN
A quasi-experimental retrospective and prospective design was developed with a matched control group to compare the effects of telemonitoring with the traditional homecare offering. The patient served as the unit of analysis. The experimental group was formed from March 2008 to December 2008 from the patients in the second wave of patients benefiting from the new telemonitoring system. Patients were selected according to a strict set of inclusion and exclusion criteria. The patients had to have severe COPD that required frequent home visits. Patients were excluded if they had psychological or cognitive problems that would prevent them from participating in their treatment or if they had visual or motor impairments that would prevent them from using the technology. The patients in the control group were recruited from the same homecare program. Since only a limited number of telemonitoring devices were available, it was possible to have enough subjects who were receiving their homecare in the traditional manner. To reduce the differences between the two groups, each patient in the control group was individually matched to a patient in the experimental group. The matching criteria were age, sex, and the severity of their illness. The study was approved by university ethics authorities.
VARIABLES AND DATA SOURCES
The effects of telemonitoring were assessed on four dimensions: satisfaction, patient empowerment, quality of life, and care utilization. The first three dimensions were measured using validated Likert scales. First, an overall assessment of patient satisfaction was made using a validated scale 18 to examine all the homecare they had received. Further, the satisfaction with the telemonitoring intervention was measured using validated scales: five for the patients' perceptions and two for the nurses' perceptions. 19 Second, an overall assessment of patient empowerment was made for all the homecare received using scales from validated instruments. [20] [21] [22] Further validated scales were used to measure the benefits of the telemonitoring system perceived by the patients and their nurses. 23, 24 Satisfaction and empowerment were assessed in the days following the end of the telemonitoring period. Detailed information on those scales is provided in Appendixes A and B. Third, quality of life was measured using the Medical Outcome Study-short form 12 items (MOS-SF12) scale 25 at the beginning and end of the telemonitoring intervention.
Fourth, use of homecare and hospital care was measured retrospectively (over 15 months) and prospectively (the telemonitoring period þ 3 months). Five variables were used for homecare: number of home visits and number of hours of homecare provided, respectively, by nurses and by respiratory therapists, and number of phone calls initiated by the patient, the nursing staff, and the surveillance center. Three variables were used for hospital care: number of visits to an emergency department, number of hospitalizations, and length of hospital stay. These variables were documented from each patient's clinical record, which also provided data on patient characteristics and the severity of their illnesses.
Results
PATIENT CHARACTERISTICS
The study was based on a total of 46 patients evenly distributed between the experimental group and the control group. Table 1 presents the characteristics of these patients. Their average age was close to 75 years. They were severely ill patients, with half of them classified in the highest level of the scale used to measure COPD severity. Two patients died during the course of study. The comparative analysis of the experimental and control groups showed that the matching strategy was effective. Only the age variable registered a difference that was statistically significant, and this difference was slight, with a deviation of <2 years.
PSYCHOMETRIC QUALITIES OF SATISFACTION AND EMPOWERMENT MEASURES
Overall, the coefficients of internal consistency (Cronbach's a) of the measurement scales were satisfactory ranging from 0.58 to 0.94 for satisfaction and 0.52 to 0.84 for empowerment ( Table 2) . Even though four measures did not attain the minimal threshold of 0.70, 26 we kept these variables because they were of interest.
SATISFACTION
Patients' overall satisfaction with their homecare was very high (4.5 on a scale of 5). No difference was found between the experimental and the control groups. The patients in the experimental group were also very satisfied with their telemonitoring: three out of the five measures assessing telemonitoring were higher than the scores obtained for homecare as a whole. The care providers' satisfaction with telemonitoring was also very positive. Their satisfaction with quality of care and the usefulness of telemonitoring were 7.9 and 8.0 out of 10.
PATIENT EMPOWERMENT
The patients' overall perception that they could managed their own care through homecare was positive. The three measures of empowerment were high (3.9-4.4 on a scale of 5) in both the experimental and control groups. No significant difference was found between the two groups. The effect of telemonitoring alone was also positively assessed by the patients in the experimental group. However, the care providers' reported mixed perceptions of the telemonitoring. They gave positive assessments of improvements to patients' knowledge of how to manage their own illness and their ability to care for themselves, but made severe judgments of its effect on the patients' dependence on the telemonitoring service.
PATIENT QUALITY OF LIFE
The analysis comparing the beginning with the end of the intervention showed that quality of life in the experimental group was stable over the period ( Table 3) . In contrast, the analysis for the control group showed significant deterioration in quality of life over the same period. Similarly, the initial statistically significant difference between the groups in terms of a better patient perception of physical health disappeared over the course of the study period. This finding, that perceived quality of life was unchanged in the experimental group while it felt significantly in the control group, suggests that telemonitoring has positive effects.
CARE UTILIZATION
Finally, the study analyzed the effects of telemonitoring in terms of resource savings. The results were mixed (Table 4) . First, the experimental group's use of homecare increased over the period of the study. The number and length of visits by respiratory therapists increased significantly, and there was a large increase in telephone calls. Second, the results on hospitalizations were also mixed. While the number of hospitalizations fell, the length of such stays was unchanged. No reduction in the length of hospital stays suggests that even if the patients a Classification of the COPD according to the seriousness of symptoms and the disability, based on the recommendations of the Canadian Thoracic Society. Mild severity, shortness of breath from COPD when hurrying on the level or walking up a slight hill; moderate severity, shortness of breath from COPD causing the patient to stop after walking about 100 m (or after a few minutes) on the level; severe, shortness of breath from COPD resulting in the patient being too breathless to leave the house, breathlessness after dressing/undressing, or the presence of chronic respiratory failure or clinical signs of right heart failure.
COPD, chronic obstructive pulmonary disease; NS, not significant; SD, standard deviation; NA, non-applicable.
with telemonitoring were hospitalized less often, once they were in hospital, they stayed there just as long. Further, the number of visits to emergency departments was unchanged over the period.
Discussion
The main results of the study may be summarized as follows. First, they support a consistent result in the literature that patients have a favorable attitude to home telemonitoring. 11, 14, 15, 17 In addition, the study has filled a gap that was recently identified in a systematic review that noted a lack of studies on care providers' attitudes toward home telemonitoring. 10 This study shows very positive satisfaction on the part of care providers. These positive results concerning patients' and care providers' attitudes should help reassure some observers who have voiced fears that an ill and very old population will not be able to make appropriate use of these new technologies. Second, the study makes a relevant contribution by analyzing the effects of telemonitoring on the empowerment of patients with COPD. It shows that telemonitoring can have positive effects by improving patients' attitudes and behaviors concerning their ability to manage their own conditions. These results were supported by their care providers, who reported that they too had seen improvements in their patients. The concern care providers had-concerning the creation of a dependency among patients toward the technology-may be perceived as minor, inasmuch as it was possible to withdraw the telemonitoring system from all patients as planned. This result suggests interesting opportunities to redefine the role played by home telemonitoring, which until now has often been presented as a permanent device for systematic patient monitoring. The concept of a temporary intervention that could empower patients to manage their own illnesses would appear promising, since it may reduce costs and address the problem of how to attain sustained use of the technology. Indeed, it has been observed in a systematic review that the perseverance of patients to send the data that are required regularly for continuous and systematic monitoring of their health diminished over time. 10 Third, the study suggests that telemonitoring may have a positive effect on quality of life for patients with COPD. This result needs to be interpreted carefully, however, since it is based on the observation that the quality of life of patients in the control group declined over the study period, whereas the quality of life of patients in the experimental group was unchanged. Of the two other studies that examined this issue, one reported no effect 16 and the other reported a positive effect. 17 Finally, the results were rather disappointing in terms of any savings in resources. First, the present study found the opposite in terms of homecare. The use of homecare nurses was unchanged, whereas the use of respiratory therapists increased. In this respect, we must point out that the model of care was not changed to reflect the use of telemonitoring. This decision was made to minimize the organizational change attributable to the introduction of a new technology, and we believe that it resulted in a decrease in the potential savings. Further, much like other researchers, 16 we found that telemonitoring could generate significant costs in terms of the nursing staff required by activities in the surveillance center that maintains contact with patients. The results on use of hospital services were also disappointing. Even if the study supports earlier findings from several studies that the number of hospitalizations is reduced, 11,13-16 we did not find a corresponding decrease in the length of hospital stays. Despite the fact that the patients in the experimental group were hospitalized less often, they stayed in hospital just as long as the patients in the control group. This negative result validates the findings of another study. 12 However, there was a potential for cost avoidance, to the extent that the number of hospitalizations had decreased. Such results allow us to emphasize the importance of envisaging a large spectrum of changes-for instance, changes to care practices and corridors of care-if real resource savings are to be achieved. Finally, we did not find a reduction in visits to emergency departments; this also supports the findings of another study. 13 In the face of this inability to achieve the desired effects, the new technology does not represent the only cause. Our field interviews reveal that insufficient efforts had been made to transform the nature of work at the time of the study, such that the full potential of the technology could not be realized. No reorganization of the nurses' care plans was attempted to reduce the number of homecare visits. This stands as another of the important lessons of the present study. The technology alone cannot achieve the desired results; significant effort must also be made to reorganize work. Also, the example of an increase in telephone calls in the experimental group provides a good demonstration of the challenges in trying to design an efficient home telemonitoring system that can attain a balance between patient empowerment and the system's sensitivity in terms of alerts triggered at the surveillance center to ensure patient security. In addition, the savings achieved in hospital care requires closer coordination with the hospital to ensure continuity of care and ensure that the patient can be swiftly returned to the community.
Finally, these results should not be interpreted without taking into account certain limitations of this study. First, the sample was small, and this may have prevented the detection of certain effects. Second, our results are based on 3 months of post-intervention measures. It would have strengthened our results to be able to take more measures over a longer period, such as at 6 and 12 months. ).
This would have improved the strength of our measures of impact and sustainability. Third, the large number of telephone calls made by members of the nursing staff at the surveillance center may have had a positive impact on patient satisfaction, empowerment, and quality of life. Such frequent personal contact between nurses and patients is not typically associated with remote interventions. In other words, the remote intervention under study was not based uniquely on the Web phone; it also featured more frequent telephone conversations between care providers and patients.
Conclusions
If we want to confront the growing problem of the amount of resources required to manage patients with chronic health conditions, we must acknowledge that a deployment of such technology is not in itself enough to generate the desired effects. Capturing the full potential of these new technologies will require a much more fundamental reorganization of work than just a simple deployment of the technology. Consistent and significant changes will be required in a The care utilization data are presented in the form of monthly averages per patient to control for unequal observation periods between the pre-period and the post-period, which accumulated the length of the intervention (average of 4.8 months), and a period of 3 additional months.
LOS, length of stay; ER, emergency room.
the care practices used by clinical teams and in the corridors of care between primary and secondary care.
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